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Background: Intra-articular corticosteroid injections have been widely used and are considered a mainstay in the nonoperative
treatment of symptomatic knee osteoarthritis (OA). However, their increased use can have negative implications, including
chondral toxicity and a high risk of infections. As a result, nonsteroidal anti-inflammatory drugs have been considered as an
alternative.

Purpose: To determine the pain relief and safety of ketorolac versus a corticosteroid to supplement an intra-articular sodium
hyaluronate injection for the treatment of symptomatic knee OA.

Study Design: Cohort study; Level of evidence, 3.

Methods: A total of 84 patients with unilateral symptomatic knee OA receiving 5 weekly injections were enrolled in this retro-
spective study. Group A (n ¼ 42) received 3 weekly intra-articular corticosteroid injections (0.5% lidocaine, 25 mg of triamcinolone
acetonide, and 25 mg of sodium hyaluronate, followed by 2 weekly injections of 0.5% lidocaine and 25 mg of sodium hyaluronate),
while group B (n ¼ 42) received 5 weekly ketorolac injections (0.5% lidocaine, 10 mg of ketorolac, and 25 mg of sodium hyalur-
onate). The following parameters were used to evaluate pain relief and safety: visual analog scale (VAS) for pain, Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC), and side effects before the injection and at 1, 2, and 5 weeks after
treatment commencement as well as 3 months after the last injection.

Results: Patients from both groups had a significant improvement in VAS and WOMAC scores from the first injection to final follow-
up at 3 months. In the first week, the VAS score was lower in group A (P¼ .041), but no significant between-group differences were
found for either the VAS or the WOMAC score at the other time points. Of the 42 patients in group A, 34 (81.0%) and 25 (59.5%)
achieved successful outcomes at 5 weeks after treatment commencement and 3 months after the last injection, respectively. In
group B, 32 (76.2%) and 24 (57.1%) patients achieved successful outcomes at 5 weeks after treatment commencement and 3
months after the last injection, respectively. At final follow-up, no significant difference was found in the successful treatment rate
between the groups (P ¼ .825).

Conclusion: The current study demonstrated that intra-articular ketorolac and corticosteroid injections produce the same pain
relief and functional improvement.
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Primary knee osteoarthritis (OA) can progress and cause
severe pain and functional impairment for patients. Pain
relief and functional improvement are the main therapeu-
tic goals for knee OA. To date, there are many treatment

choices such as physical, pharmacological, and surgical
approaches.

Intra-articular corticosteroid injections have been con-
sidered a mainstay in the nonoperative treatment of symp-
tomatic knee OA. They can significantly reduce local
inflammatory reactions and pain levels. However, their
increased use can have negative implications such as chon-
dral toxicity, which results in cartilage breakdown and loss
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of articular cartilage elasticity along with a high risk of
infections.5,22

An inflammatory reaction has been demonstrated as the
main factor contributing to the symptoms and progression
of OA.20 Nonsteroidal anti-inflammatory drugs (NSAIDs)
have been considered as an alternative in intra-articular
injections. These injections have strong anti-
inflammatory effects and fewer adverse reactions as com-
pared with steroid injections. Considering the disturbance
of normal platelet function and gastrointestinal toxicity,
local utilization may supply higher tissue concentrations
with fewer systemic complications.17

To the best of our knowledge, there has been little
research concerning intra-articular NSAID injections for
symptomatic knee OA. The primary aim of this study was
to compare the differences in pain relief and function for
patients with knee OA receiving either an intra-articular
ketorolac or corticosteroid injection. The short-term safety
of an intra-articular ketorolac injection was also investi-
gated as a secondary endpoint. We hypothesized that an
intra-articular ketorolac injection would reduce local inflam-
matory reactions and improve pain levels and knee function.

METHODS

This case-control, retrospective comparative study was
approved by an ethics review committee. All patient
information and identifiers were removed and remained
confidential during the research study. The study was
carried out in accordance with approved guidelines.

From July 2014 to October 2016, a total of 84 outpatients
(50 female and 34 male) with unilateral symptomatic knee
OA (Kellgren-Lawrence11 grades 2 and 3), aged 48 to 72
years (mean age, 58.5 ± 10.9 years), were enrolled in this
retrospective study. All patients had undergone pharmaco-
logical or physical therapy for at least 3 months with no
improvement. All enrolled patients had previously been
randomly allocated using a random number table to receive
intra-articular corticosteroid or ketorolac injections.
According to the treatment received, half of the cohort was
divided into group A (intra-articular corticosteroid injec-
tion; n¼ 42) and half into group B (intra-articular ketorolac
injection; n ¼ 42). The exclusion criteria applied were
inflammatory knee arthritis, significant autoimmune dis-
eases, any injection in the knee 3 months prior, and severe
neurological or psychiatric diseases that made it difficult to
participate in the study.

Intra-articular Injection Regimen

All patients received 5 weekly intra-articular injections by
the same physician using aseptic procedures. Triamcino-
lone acetonide/ketorolac was given during the first 3 weeks.
In the last 2 weeks, patients only received intra-articular
sodium hyaluronate. Imrecoxib (100 mg orally twice daily;
Jiangsu Hengrui Medicine) was administered as a primary
analgesic treatment for 3 days. The oral analgesic regimen
was permitted after each injection, and other oral analge-
sics during the study period were prohibited. Medications
other than those for pain were permitted so that patients
could maintain their regular therapy.

All the parameters were evaluated and recorded at 1, 2,
and 5 weeks after treatment commencement and 3 months
after the last injection. The physicians responsible for the
evaluation were unaware of each patient’s group and ther-
apeutic regimen during the entire research period. All the
intra-articular injections were performed by the same
orthopaedic surgeon with a superolateral approach24:

� Group A: a 10-mL intra-articular injection of a mixed
drug regimen (5 mL of 0.5% lidocaine and 25 mg of tri-
amcinolone acetonide) þ 2.5 mL of sodium hyaluronate
(25 mg; Shanghai Chenfeng Medicine).

� Group B: a 10-mL intra-articular injection of a mixed
drug regimen (5 mL of 0.5% lidocaine and 10 mg of
ketorolac) þ 2.5 mL of sodium hyaluronate (25 mg;
Shanghai Chenfeng Medicine).

TABLE 1
Baseline Characteristics (N ¼ 84)a

Group A Group B P Value

Age, y 58.16 ± 10.21 59.02 ± 11.25 .530
Sex, male/female, n 16/26 18/24 .824
Body mass index, kg/m2 18.76 ± 1.79 18.85 ± 1.67 .139
Kellgren-Lawrence grade

2/grade 3, n
27/15 26/16 .821

Laterality, left/right, n 14/28 11/31 .634
Pain duration, mo 8.35 ± 3.86 8.59 ± 4.32 .625
VAS pain score 7.24 ± 0.88 7.43 ± 0.80 .302
WOMAC score 46.60 ± 4.29 47.83 ± 4.07 .179

aData are shown as mean ± SD unless otherwise indicated.
VAS, visual analog scale; WOMAC, Western Ontario and McMas-
ter Universities Osteoarthritis Index.
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Clinical Parameters

The follow-up duration was defined as the time between the
first injection and the recording time. The side effects and
complications (evaluated just from a clinical examination)
were also recorded. The baseline characteristics were docu-
mented: age, sex, body mass index, Kellgren-Lawrence
grade, side of knee OA, pain duration and pain visual ana-
log scale (VAS) score, and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) score before
the injection; there were no significant differences between
groups at baseline (Table 1).

Pain intensity (rest/movement) was assessed using a 10-
cm horizontal VAS,21 with 0 cm indicating “no pain” and 10
cm indicating “worst pain.” Pain at rest was assessed after
a 30-minute rest. The WOMAC was employed to evaluate
knee function.2 The overall response to treatment was eval-
uated by the Rubin scale (1 ¼ poor; 2 ¼ fair; 3 ¼ good; 4 ¼
excellent).18 Successful treatment was defined as a Rubin
score of good or excellent. The successful treatment rate
was calculated using the following formula: n1(good þ
excellent)/n � 100%.

Statistical Analysis

SPSS (Version 17.0; IBM) was employed for statistical anal-
yses. The normality of distribution for continuous numeric
variables was assessed using the Kolmogorov-Smirnov test.
Normally distributed variables are presented as means with
standard deviations. The characteristics of the 2 groups were
analyzed by the Student t test, chi-square test, or Wilcoxon
rank-sum test. At each time point, VAS and WOMAC scores
were compared by repeated-measures analysis of variance.
P < .05 was considered to indicate statistical significance.

RESULTS

All the patients from both groups had a significant
improvement in their VAS and WOMAC scores from the

first injection to latest follow-up. No patients were lost to
follow-up. Of the 42 patients in group A, 34 (81.0%) and
25 (59.5%) achieved successful outcomes at 5 weeks after
treatment commencement and 3 months after the last
injection, respectively. In group B, 32 (76.2%) and 24
(57.1%) achieved successful outcomes at 5 weeks after
treatment commencement and 3 months after the last
injection, respectively. At latest follow-up, no significant
differences were found in the successful treatment rate
as defined by the Rubin scale between these 2 groups
(P ¼ .825).

Pain Findings

The mean VAS pain scores of both groups decreased signif-
icantly from baseline to each follow-up time point. At the
first week, the VAS score was lower in group A (P ¼ .041),
but no significant differences were found at any other time
point (Table 2).

Functional Results

The mean WOMAC scores of both groups A and B decreased
significantly from baseline to latest follow-up (P < .001).
There were no significant differences between the 2 groups
at each time point (Table 3).

Complications

No serious complications were found in either group. Only 3
patients in group B developed mild, focal postinjection pain
for about 1 to 3 days. All pain complaints were self-limited
and subsided with no supplemental treatment.

DISCUSSION

In this study, we confirmed that intra-articular ketorolac
injections provided the same pain relief and functional

TABLE 2
VAS Pain Scoresa

Before Injection 1 wk 2 wk 5 wk 3 mo F Value P Value

Group A 7.24 ± 0.88 2.46 ± 0.73 2.31 ± 0.64 2.40 ± 0.59 2.20 ± 0.52 1.388 .242
Group B 7.43 ± 0.80 2.86 ± 0.81 2.21 ± 0.68 2.28 ± 0.47 2.26 ± 0.63
P value .302 .041 .512 .305 .706

aData are shown as mean ± SD. VAS, visual analog scale.

TABLE 3
WOMAC Scoresa

Before Injection 1 wk 2 wk 5 wk 3 mo F Value P Value

Group A 46.60 ± 4.29 34.05 ± 5.20 25.24 ± 4.55 21.24 ± 2.14 22.81 ± 4.46 0.432 .513
Group B 47.83 ± 4.07 31.71 ± 5.59 25.29 ± 4.51 21.79 ± 2.18 21.98 ± 4.35
P value .486 .274 .692 .342 .186

aData are shown as mean ± SD. WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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improvement as intra-articular triamcinolone acetonide
injections. Also, no serious complications were found in
either group.

Hyaluronic acid, present in synovial fluid and cartilage,
has been widely accepted as a viscosupplement for the
treatment of knee OA pain. It imparts viscoelastic proper-
ties that allow for the efficient movement of articular joints.
Huang et al10 conducted a randomized, double-blind, mul-
ticenter placebo-controlled study to evaluate the efficacy
and tolerability of sodium hyaluronate for the treatment
of knee OA. Also, the researchers suggested that 5 weekly
intra-articular injections of sodium hyaluronate are well
tolerated, can provide sustained relief of pain, and improve
function. Altman et al1 also evaluated the safety of sodium
hyaluronate for painful knee OA. They founded that repeat
injections of sodium hyaluronate were effective, safe, well
tolerated, and not associated with an increase in adverse
events.1 Based on a Chinese expert consensus (2012 edi-
tion),14 all patients received intra-articular injections of
sodium hyaluronate in our present study. It is possible that
some or all of the benefits seen in our patients were a result
of sodium hyaluronate.

While primary knee OA is not a classic inflammatory
arthropathy, it is usually associated with inflammation.
This inflammatory reaction is the main factor contributing
to the symptoms of pain and the progression of OA. Some
inflammatory cytokines such as bradykinin or histamine
can directly stimulate the primary afferent nociceptive
fibers, while others can decrease the pain threshold via
sensitizing the primary afferent nociceptive fibers to stim-
ulus.4 Additionally, synovitis is considered an early feature
in OA and is not just found in advanced OA. Synovial
inflammation can exacerbate structural damage and pain
levels because of the production of inflammatory cytokines,
which results in the release of degradative enzymes and
modulates pain perception.3,12

As a main nonoperative therapy, intra-articular corti-
costeroid injections can significantly reduce inflamma-
tion and relieve pain via a minimally invasive method.
The overall anti-inflammatory mechanism of action for a
corticosteroid is multifactorial: in general, it inhibits
antigen opsonization; cell adhesion and migration; and
the synthesis and release of cytokines, leukotrienes,
prostaglandins, and neutrophil superoxide.23 In the cur-
rent study, of the patients who received corticosteroid
injections, 34 (81.0%) and 25 (59.5%) achieved successful
outcomes at 5 weeks after treatment commencementand 3
months after the last injection, respectively. In a review by
Hepper et al,9 intra-articular corticosteroid injections dem-
onstrated a statistically and clinically significant reduction
in pain when compared with placebo. However, their
increased use can have negative implications including
chondral toxicity and a high risk of infections.

Ketorolac has been recognized as a promising pain reduc-
tion medication. Within the past decade, it has been widely
used in arthroscopic surgery and arthroplasty alone or com-
bined with other agents. After shoulder arthroscopic sur-
gery, adding ketorolac to intra-articular analgesia
injections has been recognized as a safe and effective
method to improve pain relief.26 In this study, intra-

articular ketorolac injections demonstrated similar pain
relief and functional benefits compared with intra-
articular cortisone injections. Overall, no significant differ-
ences were found in the successful treatment rate between
these 2 groups.

The safety of intra-articular corticosteroid injections is
still controversal.8 Side effects associated with intra-
articular corticosteroid injections do exist. Other known
complications include an increased incidence of joint infec-
tions, skin atrophy, and tendinopathy. Although cortisone
injections may increase a patient’s risk for an infection and
chondral damage, it is broadly perceived among clinicians
that complications after a joint injection are indeed rare.15

A survey of orthopaedic surgeons was used to quantify the
perceived risk of infections after a joint injection. Half of
853 surgeons perceived the risk of infections as 1 in 1000
injections, and 33% perceived the risk as even lower, at 1 in
10,000.7 Considering the negative potential side effects,
some researchers have suggested that the frequency of ste-
roid injections should be less than once every 3 months.25 A
clinical trial by Raynauld et al16 examined the effect of 40
mg of triamcinolone acetonide in patients with OA by
administering injections every 3 months for 2 years.
Long-term triamcinolone acetonide administration pre-
vented narrowing of the radiographically measured joint
space over a 2-year study period.16 Based on clinical expe-
rience, we choose 3 weekly injections of intra-articular
corticosteroid over the 5-week injection period to prevent
possible cartilage damage.

As an alternative choice, ketorolac shows some clinical
safety. Intra-articular ketorolac injections have produced
degenerative changes noted microscopically just like normal
saline. No obvious cartilage necrosis has been found after a
ketorolac injection.19 The use of intra-articular ketorolac
might be safe and do less harm to local tissues.19 Dogan
et al6 found that mild histopathological changes might be
found in rabbit knee joints after an intra-articular morphine
or ketorolac injection, but safety was confirmed when used
intra-articularly. In the present study, only 3 patients in
group B developed focal postinjection pain for about 1 to 3
days. All of the pain complaints were self-limited and sub-
sided with no supplemental treatment. Lee et al13 pointed
out that focal postinjection pain was associated with local
ketorolac concentrations. To date, a consensus about the
optimal concentration and amount of ketorolac has not yet
been reached and should be determined by further studies.

There were some limitations to the present study. All
patients received sodium hyaluronate, and the benefits
seen in both groups could be attributed to that. Ideally, a
study comparing only triamcinolone acetonide with ketor-
olac would be needed for a true comparison. There were
some other limitations in our study. First, this was a retro-
spective study in design, but the extensive inclusion and
exclusion criteria described controlled the shortcomings.
Second, the radiographic results of cartilage degeneration
were not followed up. Thus, it is unknown whether there
was any difference in the progression of cartilage degener-
ation in either group. Third, the follow-up period was just 3
months. The short follow-up reflected the efficacy of the
single treatment and avoided the influences of other
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procedures; however, it does not give information on the
possible long-term effects of the injections.

The current study shows that when combined with
sodium hyaluronate, intra-articular ketorolac produced the
same pain relief and functional improvement as corticoste-
roid at 3 months after an injection. Further prospective
controlled trials are necessary, however, to make any defin-
itive treatment recommendations.

REFERENCES

1. Altman RD, Rosen JE, Bloch DA, et al. Safety and efficacy of retreat-

ment with a bioengineered hyaluronate for painful osteoarthritis of the

knee: results of the open-label extension study of the FLEXX trial.

Osteoarthritis Cartilage. 2011;19(10):1169-1175.

2. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Val-

idation study of WOMAC: a health status instrument for measuring

clinically important patient relevant outcomes to antirheumatic drug

therapy in patients with osteoarthritis of the hip or knee. J Rheumatol.

1988;15:1833-1840.

3. Bonnet CS, Walsh DA. Osteoarthritis, angiogenesis and inflammation.

Rheumatology (Oxford). 2005;44:7-16.

4. Creamer P. Intra-articular corticosteroid injections in osteoarthritis: do

they work and if so, how? Ann Rheum Dis. 1997;56:634-636.

5. Desai A, Ramankutty S, Board T, Raut V. Does intraarticular steroid

infiltration increase the rate of infection in subsequent total knee

replacements? Knee. 2009;16:262-264.

6. Dogan N, Erdem AF, Gundogdu C, Kursad H, Kizilkaya M. The effects

of ketorolac and morphine on articular cartilage and synovium in the

rabbit knee joint. Can J Physiol Pharmacol. 2004,82:502-505.

7. Farooq MA, Devitt AT. Perceived efficacy and risks of infection fol-

lowing intra-articular injections: a survey of orthopaedic surgeons. Ir J

Med Sci. 2005;174:26-32.

8. Freire V, Bureau N. Injectable corticosteroids: take precautions and

use caution. Semin Musculoskelet Radiol. 2016;20(5):401-408.

9. Hepper CT, Halvorson JJ, Duncan ST, et al. The efficacy and duration

of intraarticular corticosteroid injection for knee osteoarthritis: a sys-

tematic review of level I studies. J Am Acad Orthop Surg. 2009;17:

638-646.

10. Huang TL, Chang CC, Lee CH, et al. Intra-articular injections of

sodium hyaluronate (Hyalgan®) in osteoarthritis of the knee: a ran-

domized, controlled, double-blind, multicenter trial in the Asian popu-

lation. BMC Musculoskelet Disord. 2011;12:221.

11. Kellgren JH, Lawrence JS. Radiological assessment of osteo-

arthrosis. Ann Rheum Dis. 1957;16(4):494-502.

12. Kontinnen YT, Kemppinen P, Segerberg M, Hukkanen M, Rees R,

Santavirta S. Peripheral and spinal neural mechanisms in arthritis with

particular reference to treatment of inflammation and pain. Arthritis

Rheum. 1994;37:965-982.

13. Lee SC, Rha DW, Chang WH. Rapid analgesic onset of intraarticular

hyaluronic acid with ketorolac in osteoarthritis of the knee. J Back

Musculoskelet Rehabil. 2011;24(1):31-38.

14. Li J, Li Q. Expert consensus on the application of sodium hyaluronate

in the treatment of osteoarthritis. 2012 ed. Chinese Journal of Medical

Frontier. 2012:4(11):1-8.

15. McGarry JG, Daruwalla ZJ. The efficacy, accuracy and complications

of corticosteroid injections of the knee joint. Knee Surg Sports Trau-

matol Arthrosc. 2011;19(10):1649-1654.

16. Raynauld JP, Buckland-Wright C, Ward R, et al. Safety and efficacy of

long-term intraarticular steroid injections in osteoarthritis of the knee:

a randomized, double-blind, placebo-controlled trial. Arthritis Rheum.

2003;48:370-377.

17. Reuben SS, Connelly NR. Postoperative analgesia for outpatient

arthroscopic knee sugery with intraarticular bupivacaine and ketoro-

lac. Anesth Analg. 1995;80:1154-1157.

18. Rubin D. Cervical radiculitis: diagnosis and treatment. Arch Phys Med

Rehabil. 1960;41:580-586.

19. Shapiro PS, Rohde RS, Froimson MI, Lash RH, Postak P, Greenwald

AS. The effect of local corticosteroid or ketorolac exposure on histo-

logic and biomechanical properties of rabbit tendon and cartilage.

Hand (N Y). 2007;2:165-172.

20. Spector TD, Hart DJ, Nandra D, et al. Low-level increases in serum C-

reactive protein are present in early osteoarthritis of the knee and

predict progressive disease. Arthritis Rheum. 1997;40:723-727.

21. Stubbs DF. Visual analogue scale. Br J Clin Pharmacol. 1979;7(1):

124.

22. Tehranzadeh J, Booya F, Root J. Cartilage metabolism in osteoarthri-

tis and the influence of viscosupplementation and steroid: a review.

Acta Radiol. 2005;46:288-296.

23. Uthman I, Raynauld J-P, Haraoui B. Intra-articular therapy in osteo-

arthritis. Postgrad Med J. 2003;79(934):449-453.

24. Wagner BS, Howe AS, Dexter WW, et al. Tolerability and efficacy of 3

approaches to intra-articular corticosteroid injections of the knee for

osteoarthritis: a randomized controlled trial. Orthop J Sports Med.

2015;3(8):2325967115600687.

25. Wernecke C, Braun HJ, Dragoo JL. The effect of intra-articular corti-

costeroids on articular cartilage: a systematic review. Orthop J Sports

Med. 2015;3(5):2325967115581163.

26. Xu J, Qu Y, Li H, et al. Effect of ketorolac in intra-articular injection

analgesia for postoperative pain in patients undergoing shoulder

arthroscopy: a pilot-controlled clinical study. J Pain Res. 2019;12:

417-422.

The Orthopaedic Journal of Sports Medicine Ketorolac Versus Corticosteroid for Knee OA 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


